Abstract. The aim of this paper is to quantitatively characterize the climatology of daily precipitation indices in Catalonia (northeastern Iberian Peninsula) from 1951 to 2003. This work has been performed analyzing a subset of the ETCCDI (Expert Team on Climate Change Detection and Indices) precipitation indices calculated from a new interpolated dataset of daily precipitation, namely SPAIN02, regular at 0.2 • horizontal resolution (around 20 km) and from two high-quality stations: the Ebro and Fabra observatories.
Introduction
The objective of this study is to analyse day-count precipitation indices in Catalonia (northeastern Iberian Peninsula) during the second half of the 20th Century in order to better understand the past variability of climate extremes with short return periods and set up a base to develop climate regional scenarios.
The motivation for this work derived mainly from the three following points. Firstly, the vulnerability of communities and ecosystems to climate variability depends more on the change of extreme events at a regional scale than on changes in mean climate over larger areas (Alexander et al., 2009) . Particularly, precipitation plays a major role in water resources and in natural hazards in Catalonia (Llasat, 2009) , leading to one of the most vulnerable regions to water scarcity, droughts and floods in Europe (Kristensen, 2010; Llasat et al., 2005; Barrera et al., 2006) . Secondly, it is important to study the Mediterranean climate because it has been identified as one of the most prominent "Hot-Spots" in future climate change projections (Giorgi, 2006) . In effect, the Mediterranean region lies in a transition area between extratropical and subtropical influence, so slight modifications of the general circulation might cause changes in the climate (Giorgi and Lionello, 2008) .
Thirdly, the present state-of-the-art for trend analysis offers results that on some occasions do not agree with each other. A rather controversial picture appears in the studies on the precipitation trend, not only considering the Northeast of Spain but also the Mediterranean area in general. Absent or non-significant precipitation trends are found at the Mediterranean scale (Norrant and Douguedroit, 2005) , although some isolated regions show an increase in extreme rainfall in spite of a decrease in totals (Alpert et al., 2002) or changes in the seasonal pattern of the rainfall Published by Copernicus Publications on behalf of the European Geosciences Union.
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M. M. C. Llasat: Trends in precipitation extremes in Catalonia (NE Spain), 1951-2003 ion of study and position of the SPAIN02 grid-points and the two observatories rtosa and Fabra, close to Barcelona). Region of study and position of the SPAIN02 grid-points and the two observatories (Ebro, Tortosa and Fabra, close to Barcelona). emporal variability of the number of available stations in Catalonia with at least 75%, 90%, of valid daily data for every year. regime (e.g. Pujol et al., 2007) . The Mediterranean coast of the Iberian Peninsula does not present any clear significant trend, at least at annual scale (Llasat and Quintas, 2004; Gonzalez-Hidalgo et al., 2009; Altava-Ortiz et al., 2010; Río et al., 2011) , although some trends are found with high sensitivity to the study period and with high variability within and between regions (Goodess and Jones, 2002; López-Moreno et al., 2010) . If the analysis of the average values may have disagreements, the problem is exacerbated considering the daily indices. For example, several studies coincide in stating that much of the Iberian Peninsula has experienced a decrease in the intensity of precipitation daily, while the number of days with light rain have increased (García et al., 2007; Rodrigo and Trigo, 2007; Rodrigo, 2010) .
Instead, Serra et al. (2006); López-Moreno et al. (2010) indicate that also the number of rainy days has decreased.
These differences could be explained by the intrinsic difficulties in the analysis of series with high interannual variability and relatively low trends (as probably happens in this case) and/or when the trends show high variability in space. Moreover, other factors can influence the trend analysis: the dataset (e.g. number of stations and period investigated), the definition of the rainfall indices, and also the methodology applied to estimate the trend (Pryor et al., 2009) .
Taking all these considerations into account, in this study we set out to perform a robust statistical analysis of the precipitation extreme indices using Monte-Carlo techniques (e.g. bootstrap and jack-knife methods) to estimate sampling error and to assess the significance of the results. In order to analyse the data in a comparable way, we consider a subset of the "moderate extreme" precipitation indices defined by the World Meteorological Organization (WMO) CC1/CLIVAR/JCOMM Expert Team on Climate Change Detection and Indices (ETCCDI, for more details see http: //cccma.seos.uvic.ca/ETCCDI or WMO, 2009). The ETC-CDI indices are calculated from a new, recently developed dataset of daily precipitation for a grid of 20 km, namely SPAIN02 (Herrera et al., 2010a) , which is the reference dataset for the esTcena Spanish project and is being used to validate the climate model outputs in Spain (Herrera et al., 2010b; Turco et al., 2011) . The ETCCDI indices are also calculated for the largest high-quality stations in Catalonia with daily precipitation data: Ebro and Fabra observatories. 
3216
M. M. C. Llasat: Trends in precipitation extremes in Catalonia (NE Spain), 1951-2003 The study is organized as follows. In Sect. 2, a description of the data used is given whereas their characteristics as well as their representativeness is discussed in Sect. 3. Section 4 is concerned with trend analysis. Finally, Sect. 5 synthesizes the main results and conclusions of this study.
Data and indices

Interpolated observations: Spain02
The time series of daily precipitation in Catalonia (Fig. 1 Herrera et al. (2010a) for the development and analysis of the SPAIN02 dataset. This paper is focused on the subset of 112 grid points within Catalonia. Figure 2 shows the temporal evolution of the number of available stations used to build the dataset, for three different thresholds of valid daily data for every year. This temporal variability as well as the spatial sparseness of the stations used to build the dataset should be borne in mind by any user of the SPAIN02 dataset (Hofstra et al., 2009; Herrera et al., 2010a) .
There was a large decrease in the number of available stations between 1995 and 2000. This fact is quite general in Spain (Herrera et al., 2010a) and the transition to automatic stations and the abandonment of manual stations could be two reasons for this decrease. In the next sections, the error associated with the spatial/temporal variability in the available stations (hereafter named sampling error) is addressed.
Reference stations
This study has been completed with the daily precipitation series of the Fabra Observatory (close to Barcelona), and Ebro Observatory (close to Tortosa; Fig. 1 1951-2003, there are no missing data), correct measurement practice is guaranteed, and, finally, there are no documented variations of the station instrumentation or in its environment. These series of precipitation are homogeneous with respect to the tests conducted by Wijngaard et al. (2003) . These are the international reference stations also used for the report of the climatic change in Catalonia (Cunillera, 2009 ).
ETCCDI indices
Working with daily data (without missing values) allows calculation of a subset of the standard statistical indicators of extreme precipitation (ETCCDI indices, Table 1 ). These selected subsets of indices summarize the behaviour of the precipitation, describing some standard indices, such as the total precipitation (PRCPTOT) and the precipitation intensity (SDII), and also some moderate (with short return period) extreme indices related to critical consequence, such as the percentage of precipitation due to very wet days (R95pTOT/PRCPTOT, hereinafter named R95p). This index could indicate the possibility that there was a larger change in extreme precipitation events than in the total precipitation. The highest precipitation amount over a five-day period (RX5DAY) could be related to the major floods and the maximum length of dry spell (CDD) could be related to the most intense drought.
The values of these indices are calculated at annual and seasonal scale. In order to analyze the data in a standardized way (WMO, 2009) we consider the following definition:
-The "meteorological year": from 1 December to 30 November.
-The "meteorological season": winter (DJF), spring (MAM), summer (JJA) and autumn (SON).
-A "dry day" is defined as a day with less precipitation than 1 mm day −1 .
Data characteristics and representativeness
Spatial distribution of daily precipitation indices
Figures 3 and 4 show the climatology of the indices studied. A visual comparison between the total precipitation climatology obtained using SPAIN02 and the one published in the Climatological Atlas of Catalonia (Ninyerola et al., 2003) has been done (Fig. 3) . Both maps show good agreement. In effect, Herrera et al. (2010a) demonstrates that the SPAIN02 dataset captures the great precipitation variability all over Spain. Despite the relatively small size of the selected region (around 32 000 km 2 ), the spatial distributions of daily precipitation indices vary widely. The topography plays a dominant role in determining the spatial distribution of total precipitation in Catalonia (PRCPTOT index). The greatest values are correlated with the Catalan reliefs, with the maximum values over 1000 mm per year in the northern sector of the region, i.e. close to the Pyrenees, and a secondary maximum along the smaller mountain ranges located along the coast. The Table 1 (except the PRCPTOT index, shown in Fig. 3 ). Table 1 . Indicators of subset of the ETCCDI precipitation indices used in this study, see also http://cccma.seos.uvic.ca/ETCCDI.
Name Description Definition
PRCPTOT (mm) Total precipitation in wet days Let RR wj be the daily precipitation amount on a wet day w (RR ≥ 1 mm) in period j . Then PRCPTOT j = sum(RR wj ).
Mean precipitation amount on a wet day (Simple Daily Intensity Index)
If W represents the number of wet days in period j then the simple precipitation intensity index SDIIj = sum (RR wj )/W . R95p=R95pTOT/ PRCPTOT (%)
Percentage of precipitation due to very wet days (heavy rainfall proportion) Let RRwn95 be the 95th percentile of precipitation on wet days in the base period n . Then R95pTOTj = sum (RR wj ), where RR wj > RRwn95. The ratio R95pTOT/PRCPTOT represents the percentage of precipitation due to very wet days. RX5DAY (mm 5 day −1 ) Highest precipitation amount in five-day period Let RR kj be the precipitation amount for the five-day interval k in period j , where k is defined by the last day. The maximum five-day values for period j are RX5DAY j = max (RR kj ).
CDD (days)
Maximum length of dry spell (Consecutive Dry Days)
Let RR ij be the daily precipitation amount on day i in period j . Count the largest number of consecutive days where RR ij < 1 mm.
minimum values are reached in the inner western, with less than 400 mm per year. The climatology of the other indices (Fig. 4) is quite different from the PRCPTOT index, in particular for the location of the areas with the maximum values. For the climatology map of the SDII index, the maximum values, amounting to about 15 mm day −1 , are located in the extreme North and South of the coastal area. Note that this spatial distribution is similar to this one obtained for the contribution of convective precipitation to total precipitation (Llasat et al., 2007) . The same happens for the index RX5DAY, with maximums around 150 mm 5 day −1 . The R95p index shows a noisier M. Turco and M. C. Llasat: Trends in precipitation extremes in Catalonia (NE Spain), 1951 spatial distribution, although it is possible to identify a consistent pattern along the coast, where it achieves the highest percentage of precipitation due to heavy rains (about 25 %). Finally, the CDD index shows a northwest-south gradient, with minimum values of approximately 25 day in the western Pyrenees and maximum of 65 days in the southern sector of the region.
Ensemble-averaged precipitation indices
The temporal evolution of the indices has been analyzed considering the regional average of the grid-points in the region as representative of all of Catalonia. In order to reduce the possible bias in the regional average, for each grid-point, each index has been calculated at annual and seasonal scale; finally these series have been standardized to unit variance and zero mean and then, the mean over Catalonia has been calculated.
The error produced in the determination of annual (or seasonal) spatial average as a consequence of the variable number of stations available each year to built the dataset (Fig. 5 ) has been estimated. This sampling error is assessed by means of jack-knife subsampling without replacement (Efron and Tibshirani, 1986; Ciccarelli et al., 2008) . Ciccarelli et al. (2008) implemented this method considering a dense observational network of stations in northwestern Italy. They estimated the error in the spatial mean due to the variable number of stations along the time with the following methodology: in each year or season, they computed a spatial average with a random half of the available stations and repeated this operation 1000 times getting a distribution of spatial averages.
In our case, we did not work with stations, but with the SPAIN02 grid points over Catalonia. Here we have estimated the "number of reliable points" (Npoints) with the hypothesis that the number of SPAIN02 points with greater reliability is larger when more stations are available. The practical implementation of this methodology is resumed here. For each year (or season):
1. The Npoints are estimated. This is done considering the number of available station (Nstations) with at least 99 % of valid daily data within each year (Fig. 2 ) and solving this proportion:
112 : 263 = Npoints : Nstations, where 112 are the grid points of the SPAIN02 in Catalonia and 263 is the maximum number of precipitation stations used to build the dataset.
2. From here we have applied the same methodology proposed by Ciccarelli et al. (2008) . That is, a random half of the Npoints is selected (i.e. if the number of available stations in the year 1951 was 80, then we select randomly the half (17) of the Npoints, such as 112 : 263 = Npoints : 80). 3. The spatial average for each specific index for this year (or season) has been computed with this subset.
4. The steps 2 and 3 were repeated many times (1000) in order to have a distribution function of average values for each year (or season). From this distribution, the 99 % confidence bands were estimated.
All the time series of the annual indices show that the sampling error is relatively low compared with the large interannual variability (Fig. 5 ). This error is greater for the period 1995-2000 approximately, and in agreement with the fact that at this time there was the minimum number of stations used to build the dataset. The seasonal indices indicate the same result (not shown here).
Comparison between SPAIN02 and station data
In this section we have provided evidence of the quality of this dataset by evaluating its representativeness by comparing it with the two reference stations, Fabra and Ebro observatories. The two respective closest points of SPAIN02 are compared with the stations by means of two metrics: the Pearson correlation, ρ (considering only significant correlation at 99 %), and the mean error (ME) standardized in respect to the mean of the SPAIN02 series:
where N is the length of the series (in this case 53 yr), STN(i) the Fabra or the Ebro series and SP02(i) is the series of the SPAIN02 point closest to the station. In general there is a quite good correlation with the series (Table 2) , with values above 0.8 for the PRCPTOT index and around 0.7 or more for the R95p and RX5DAY indices. The lower values are obtained for the SDII and CDD indices, with correlations around 0.6-0.65. This is probably due to their high sensitivity to the count of the number of rainy days. For example, erroneously considering a rainy day in the middle of a long series of days without rain can cause a large error in calculating the index CDD.
The SPAIN02 point presents an underestimation of the precipitation (Table 2) , with greater error (around 20 %) for the PRCPTOT and the CDD indices. This underestimation is a consequence of the comparison between areal values (SPAIN02 provides average precipitation over an area of 400 km 2 ) and point values in a region with a high spatial variability in precipitation.
In the perspective of the subsequent trend analysis, we have evaluated if the correlation between SPAIN02 and both series changes in time. For this purpose, the correlation evolution between the stations and their closest points and between the stations and the regional average of SPAIN02 is calculated. The correlation evolution is obtained applying a moving time-window of 40 yr (i.e. the first correlation is calculated for the period 1951-1990, the second for the period 1952-1991 and so on). In addition, the correlation evolution between both stations is analyzed. Results are shown in Fig. 6 . For the sake of brevity and since in the next section we focus more on these indices, only the indices PRCPTOT and CDD are shown. However, note that these two indices have the best (PRCPTOT) and worst (CDD) correlation considering the whole series, as can be seen in Table 2 . Considering the PRCPTOT index, both for the nearest point and for the regional average values, there are high correlations, quite stable over time (mainly for Fabra observatory). For the CDD index, the correlations are slightly lower and, while for Fabra the values are again quite stable over time, this is not the case for the Ebro observatory. Note that, also for this index, the correlation between both observatories is decreasing. On the contrary, the correlation between Ebro and its nearest point increase, whereas for the regional average the behavior is the opposite. This decreasing correlation may be the result of the number of available stations influence but, also, it could point to a different climatic evolution of the Ebro observatory in comparison with the rest of Catalonia. This result suggests greater care in the analysis of the CDD index. However, apart from these trends, it is important to note that the variation of the correlation is lower in the case of the regional average (ranging from around 0.75 and 0.65), than in the case of the gridpoint (ranging from around 0.60 and 0.85). It is also lower than the variation in the correlation between the two stations. This fact, combined with the temporal stability correlations for the other indices and the other station, suggests that the regional average can be considered quite homogeneous and that greater caution is needed considering the individual grid points of the dataset.
Finally, by analyzing in more detail the comparison between both stations, a decrease of the correlation considering the more recent periods seems to indicate that if artificial anomalies are excluded (as in this case it is legitimate to assume), the climate evolution in both stations diverges (note that this fact is more pronounced considering the CDD index). As already noted, the comparison of the three series (Ebro, Fabra and the regional averaged series) suggests that the climate evolution of the Ebro observatory is moving away also from the mean climate in Catalonia. This local behaviour suggests that care must be taken in drawing conclusions at regional scale by analyzing only a few stations.
Trend analysis
Methodology
Trend analysis is applied to the annual and seasonal values of the five ETCCDI indices for the two high-quality stations, for each grid-point of the SPAIN02 dataset in the region, and the average of them as representative of the whole Catalonia. As already mentioned, we focus on the spatial average since it has fewer inhomogeneities compared to the series at the individual grid-points. Indeed, the pattern trend at individual grid-points has been analyzed with caution, considering only the maps with field significance at least greater than 95 %, (Livezey and Chen, 1983; Renard et al., 2008) showing also spatially coherent patterns of trend, i.e. patterns of similar trends affecting neighboring points. Indeed, a similar trend should be detected at many stations in a zone since only trends relating to a large-scale driver of change are worth analyzing. Instead, noisy trend patterns most probably imply stochastic noise.
In order to analyze the influence of the length series, 24 series have been constructed. The first series starting in 1951 Other running windows approaches can be found in some trend studies (e.g. Brunetti et al., 2006; Zolina et al., 2008; Lupikasza, 2010) .
Since the extreme precipitation indices generally have non-Gaussian distributions and could be not independent (WMO, 2009), the standard methods to estimate the significance of the trends could be unreliable (Alexander et al., 2006) . For example, when the null hypothesis in the MannKendall test is not satisfied (i.e. when the data are not independent and not randomly ordered), there is more probability of detecting trends when actually none exist and vice-versa (Hamed and Ramachandrarao, 1998) . In Moberg and Jones (2005) there is a short review of different methods that takes into account these problems (i.e. non-normal distribution and autocorrelation) concluding that there is no universally preferred method.
Among these methods, the "moving block bootstrap" method developed by Kiktev et al. (2003) was chosen here because it provides a rigorous and simply interpretable methodology for analyzing trends in extreme precipitation indices. This method consents to analyze non-Gaussian distribution, and to deal with the temporal correlation in the residuals of the linear regression (resampling block of consecutive years), and to preserve the spatial dependence structure of observations (using the same resampling sequence for each individual point and within each iteration of the bootstrap). This method also provides the field significance of the spatial observed trends considering therefore the interdependence between the stations (or grid-points) (Livezey and Chen, 1983; Renard et al., 2008) .
For more details on the original implementation of this method, the readers are referred to Kiktev et al. (2003) . Our practical implementation is slightly different and it is summarized here. Note that our code to implement this method a. Instead of the "moving block bootstrap" used in Kiktev et al. (2003) , here the circular block bootstrap (Politis and Romano, 1992; Zoubir and Boashash, 1998) was used in order to avoid the problem of the values in the middle of a series having a greater chance of being included in the resample in the "moving block bootstrap"; b. In order to choose the block length (BL) for the circular block bootstrap, the method described in Politis and White (2004) was used. This method has the advantage of being a non-parametric technique (Politis and White, 2004) .
3. Add the original linear trend onto 1000 resampled time series of noise and re-estimate the trend obtaining 1000 new plausible trend values.
4. Calculate the significance of the trend considering if the zero-trend falls outside the distribution of these 1000 plausible trend values.
5. When applied to more stations (or grid-points) in a region, the field significance is calculated comparing the percentage area of significant grid points due to natural variability alone (calculated by taking the difference between each of the 1000 patterns of the pseudo-trends and the actual trend) and the percentage area of significant grid points in the actual trend pattern.
To estimate the block of consecutive years to resample (BL), Kiktev et al. (2003) and Moberg and Jones (2005) used the methodology presented in Wilks (1997); this method assumes that the time series can be modelled as either a firstor a second-order autoregressive process. They found values among, respectively 2 and 3, and 2 and 4. In our case, the BL was estimated according to Politis and White (2004) and quite similar values were found (see Table 3 ). The values of the BL range from 1 to 7, considering all the 38 different time series. When they are greater than 1, the residuals are not independent and spurious results could arise using the standard methods (e.g. Mann-Kendall test) to estimate the significance of the linear trends (Hamed and Ramachandrarao, 1998) .
The sensitivity of the results to the choice of the BL are provided in the next section.
Trend analysis results
Already by visual inspection of Fig. 5 , we observe that the annual series of indices show no major trend, but rather a large interannual variability. The statistical analysis confirms this result: no trends are found for the annual series of all the indices and considering all the different time windows. The trend analysis of the Ebro and Fabra stations agrees with this result with one exception: both series show a significant increase in the maximum length of dry spell (CDD index, Fig. 7 ). In details, the Ebro observatory has an increase of 2.7 days decade −1 , while the trend is 2.1 days decade −1 for the Fabra observatory. Both trends are significant at 99 %. Note that the block length for the Ebro series is equal to 2; thus, the autocorrelation of the series of residuals (see previous section) is not negligible. In this case the standard MannKendall test could be unreliable since its null hypothesis is not satisfied (i.e. the data are not independent and not randomly ordered). Note that this test gives a p-value equal to 0.07, which is higher than the standard limit of 0.05. In this case, by applying the Mann-Kendall test improperly, a significant trend could be neglected. Instead, for the Fabra series the block length is equal to 1. In this case, the Mann-Kendall test confirms the significance of the trend (p-value = 0.02), as expected.
To analyze this trend in greater depth and take the limitations discussed above into account, the trends of the SPAIN02 dataset at grid-point scale have been explored with caution. A coherent and field significant trend pattern has been found regarding the annual CDD index, with around 30 % of the grid-points showing an increase of around 2 days decade −1 . The majority of the significant grid-points are in the inner part of Catalonia and close to the position of the two stations analyzed here (Fig. 8) . This general feature does not change greatly, moving the length of the time series with a percentage of grid-points with a positive trend ranging between approximately 20 and 30 %, depending on the time-window used (Fig. 9 ). Also considering a time window of 40 yr moving in advance, year by year, confirms this local increase in the annual longest dry period index (not shown).
The trends found at annual scale suggest exploring what season contributes more to these trends. Note, however, that the longest period without rainfall can occur across two seasons, so an increase (decrease) in annual CDD index may not correspond to an increase (decrease) of this index at seasonal scale. Nevertheless, both stations show a significant (99 %) increase in the number of consecutive days dry in summer (around 2 days decade −1 , Fig. 10 ), the season with less precipitation in Catalonia, as typical of Mediterranean areas (Romero et al., 1998) . These trends do not seem to be representative for all of Catalonia: the regional average of SPAIN02 does not show any trend.
No other common seasonal trends has been found. Only in summer, for the Ebro observatory, two indices show a significant (greater than 95 %) trend. Both the PRCPTOT and RX5DAY index show a significant negative trend, amounting respectively to around −10 mm decade −1 and −5 mm decade −1 (Fig. 11) . 
Conclusions
The goal of this study has been to analyze the extreme rainfall variability in Catalonia (northeastern Iberian Peninsula) during the second half of the 20th century in order to better understand the climatic variability of precipitation extremes and to set up the basis for the development of regional climate scenarios within the framework of the Spanish project esTcena. This objective has been achieved by performing a statistical assessment that is both robust, e.g. extensively using Monte-Carlo methods like bootstrap and jack-knife, and comparable, e.g. considering a subset of the extreme precipitation indices defined by the Expert Team on Climate Change Detection and Indices (ETCCDI indices). These indices have been calculated from a new, recently developed, interpolated dataset of daily precipitation, namely SPAIN02, regular at 0.2 • horizontal resolution (around 20 km), and from two high-quality stations: the Ebro and Fabra observatories. Note that these two stations are the only stations available at daily scale without missing values in Catalonia for the whole studied period.
By using a jack-knife technique, we have found that the error of the spatially averaged series, due to the variable number of stations in time used to build the dataset, is relatively low; besides, the good correspondence with the two highquality stations (Ebro and Fabra observatories) increases the confidence in using SPAIN02 for climate studies. Note, however that the SPAIN02 points closest to the Ebro and Fabra observatories present an underestimation of the precipitation equal to 10-20 %. This underestimation is a consequence of the comparison between areal values and point values in a region characterized by high spatial variability in precipitation. Besides this, at the scale of individual pixels the inhomogeneities may be important and imply that analysis is carried out at regional scale. Furthermore, from this comparison, it is apparent that the Ebro station has different behavior than the Fabra station and the regional average of SPAIN02. This suggests that care must be taken in drawing conclusions at regional scale by analyzing only a few stations.
From a methodological point of view, the most important result of this study is the implementation of a circular block bootstrap procedure for the estimation of the significance of the trends (the code to implement this method is publicly available from this website: http://www.am.ub.es/ ∼ mturco/ codes/testTrend MT.zip). This method, besides being easy to interpret, deals with autocorrelated series for which the hypothesis of the classical test such as Mann-Kendall fails, as happened with the series analyzed here. Indeed, we have provided evidence that when the data are not independent, the classical Mann-Kendall test incorrectly neglects some significant trends. In this study a modified version of the procedure proposed by Kiktev et al. (2003) has been implemented; instead of using a moving block bootstrap as done originally, the circular block bootstrap (Politis and Romano, 1992) has been used here. This modification has been done in order to avoid the problem of the values in the middle of a series having a greater chance of being included in the resample in the "moving block bootstrap".
Trend analysis has been applied to the annual and seasonal series of a subset of the ETCCDI indices for the SPAIN02 and for both stations. In order to analyze the influence of the interdecadal variability, a running trend analysis (i.e. considering different period lengths) has been performed. One of the most important outcomes of this work is that only the consecutive dry days (CDD) index at annual scale shows a spatial coherent pattern of trend. Both stations and around 30 % of the area of Catalonia show an increase of around 2-3 days decade −1 . Instead, considering the standardized regional average of the grid points of SPAIN02, no trends have been observed at annual or at seasonal scale.
Even if no other consistent regional trend pattern was found, some local trends are worth mentioning. There is a common increase in the CDD index for both station of around 2 days decade −1 in summer. There is also a significant decrease in total precipitation (around −10 mm decade −1 ) and in the index "highest precipitation amount in five-day period" (RX5DAY, around −5 mm decade −1 ) in summer for the Ebro observatory.
It is likely that considering more recent years, which will be the subject of our future research, this local trend in CDD index persists or increases. Indeed, a recent study (AltavaOrtiz, 2010) indicates that the severity (intensity and duration) of the drought in 2004-2008 was higher than any other event of the twentieth century. With this aim, the present study will be applied to the updated version until 2010 of the Spain02 dataset, once this is available.
